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Resistance and Survival of Cronobacter sakazakii under Environmental Stress
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Abstract

Cronobacter sakazakii has been isolated from a wide range of environmental sources and from several foods of
animal and plant origin. The objective of this study was to determine the resistance of C. sakazakii (ATCC 12868,
ATCC 29004, and ATCC 29544) in cold, cold-freeze thaw, cold-acid, and cold starvation-freeze thaw stress. The
number of C. sakazakii decreased to 1 log CFU/mL at 5C (cold storage) for 10 days. When C. sakazakii was
cultivated at a low temperature (13°C), the population of C. sakazakii ATCC 12868 and 29004 increased to 10°
CFU/mL, and the population of C. sakazakii ATCC 29544 increased to 10° CFU/mL. For C. sakazakii ATCC
12868 and 29004, the cold-adapted cells (5C 24 hr) decreased by 4 log CFU/mL, and the low-temperature-cultivated
cells (13C) decreased by 0.5 log CFU/mL. In this study, low-temperature cultivation enhanced the freeze-thaw
cross-resistance due to the metabolic changes in the cells. Cold stress (SC 48 hr, 13C cultivation) enhanced the
cold-acid cross-resistance. The cold-starved cells in the sterilized 0.1% peptone water enhanced the freeze-thaw
cross-resistance with significant differences (p<0.05). Therefore, the increased tolerance of the cold-adapted or
low-temperature-cultivated C. sakazakii cells to freeze-thaw, acid, or starvation suggests that such environments
should be considered when processing minimally processed foods or foods with extended shelf life.
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Strains

¥ Aol A1 8-E 3709) Cronobacter spp. (ATCC
12868, ATCC 29004, ATCC 29544)+ API 20E (BioMerieux,
Marcy DEtoile, France)E ©]-8-3}] =43}t zhztel A
@ A Stock culture 2 70T HAH FE55 AW tryptic
soy broth (TSB, Merck, Darmstadt, Germany)©]] 1 5-o] 2
HEste] 37C wigr1olA 20~24417 v Faioith. Ao
=29 o A S A A 78 AHE-sIT) TSB
AN A HA7] -2 8 A Eko] tryptic soy agar (TSA,
Merck, Darmstadt, Germany)Z pour plateS 3o} 244 7)
T WrleA wieket & o FEE Agst] 10°
CFUmL< Yelf= & glsiin

Low temperature cultivation

AT 3ME HitE 9 mLe] TSBoll A 37°C, 20~244]
bRt Al wiekE FA7) FE A8kl 99 mL TSBY|
27| w57} 2 log CFUmLe] 55 a}]th 22 w]or)
(Sanyo Electric Co., Osaka, Japan)°| 4] 13CR& 2% & %34
g 5 8AIZE AR #o) A S dolrgith )
8AIZ ek 1 mL ) 9 mLe 0.1% B HESBactoTM
Peptone, Becton Dickinson Co, Sparks, USA))| &A1&l Pour
plate S 3t 24417k F<k 37°C wiekr) o) wjakst & ek
AlstR i, FAl9l spectrophotometer(U-2000, Hitachi,
Tokyo, Japan)E %3] OD6007S &2labsict.

Cold stress

AgaT 305 daE 9 mLe] TSBOlA 37, 20~244]
b ERb ikt & HE AFS7) 5 log CFUMLY] F30]
99 mL TSBel| 3|48} ch. o|wf, vjg] W2 B#3h

Determination of freeze-thaw resistance

5 3708 diz2T 37T wjekst 2, A+ (5Tl
24A)17F A7 A, 13Tl A v kgt Z)= o] 831 T
%7] @57} 5 log CFUmL®] ¥ =2 2% 99 mL TSBo
8)A8lo] 2 MZEES 50 mL Conical Centrifuge Tube (SPL
Life science, Pocheon, Korea)ol] &o} -20C W4 o] A =&}k
At MEZES 0,2, 4, 6, 8, 10, 129 Ao} 21TE
k2 2] &L-4=F (WB-20E, Hitachi, Tokyo, Japan)©l| 30+
b SEAIFTH18). AEE F g & viE PEidol AR
T, 0.1% vt HWE 9 mLo 43t TSAC] =g 3
37T wjFr]ell A 2443k F1t whkatel FE et
gelsksd

Determination of acid resistance

AN-ETEFE NS 2T 37CAA e A, AT
(GCell 2947 A-gA7 A, 13T et )R o] &5}
o}, W *], HCl (Hydrochloric acid, DC chemical Co., Seoul,
Korea)¢t it SHF5 ©]-&3t | N HCIZ ¥H&o] A&
39tk 42 (220) pH 352 @30|X TSBE Al-&-4)
Z27] #7E 5 log CFUMLY} S A Stth MEE-S 420
HAsEAM 0, 2, 4, 6, 8, 1077 1 mLA H3}H 3L 9
mL®] 0.1% H¥ HE=Fol M35 TSA =de &
37°C9] wikrlol A 24717t B}t vl ekste] F4E S
Zelsaitt.

(]

Determination of starvation resistance

AN gF 37N E &2+ 37C w7l A viddkste] 5
C TSBEjAI o 24 7F A-gA171 A, A2l T 5T HE, TF7
FllA 247 A-gAIZ AR o] &3tk 42 27 a5
7}5 log CFUmLe] ¥ %= Wt E 99 mL TSB, FE, Z5<7
o g3ttt A1E-S 50 mL Conical Centrifuge Tubeol|
ol 20T YAl ARt 0, 2, 4, 6, 8, 10, 129
7idio] 21T 2 2R ez 3027 s 5A1AH018) A
ES A 3 a2 Yedol Agstith TSAC =ast
37T wjgE71olA 24413 Ft v kst AdE =
Assgint.

o ok

Statistical analysis

7 AEe 3 BEAES syl SASZ 2
(Version 9.1, SAS Institute Inc., Cary, NC, USA)& ©|&35}o]
27 Helstgeh AR D (A3 250 A
90%°] PMAES Abdst=H ZAEls AlRhS Adtskh
General linear model"*H 0 2 A 2] 7hol] B-AHEA S 214
AT, p<0.05SE e = AR o)A Afo]7
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Zdn ¥ 1z
Cold stress of C. sakazakii
A8 A A 75 (ATCC 12868, ATCC 29004, ATCC
20544) 2.5 1 log CFUmLA =9 AVES By 735
7k §-2]A Q] 2po]= LeRIA °L°1'13]-(F1g 1). C. sakazakii
ATCC 290042] D3 7.95Y, ATCC 128682] D3 1143
A, ATCC 295442] DF-2 12,139 2 Ve TH(Table 1).
C. sakazakii ATCC 290042] Dgto] THE F #FHT}; Yol
W AdA o mst Aoz yelgtl 5T C
sokazokiis  A7YEte]  wo] AR &S AL
Nazarowec-white %} Farber(19)7} 5.5C ©]8}ol X Cronobacter
spp.7F BB Yetha Bud A9 22 A3E e
Wt

Population (log CFU/mL)

a T T T T —

0 2 4 [ 8 10
Time (day)

Fig. 1. Survival curve of C. sakazakii strains at 5.

©: C. sakazakii ATCC 12868, O: C. sakazakii ATCC 20004, W: C. sakazakii ATCC
29544.

Table 1. D-value of C. sakazakii strains at 5°C storage.

(day)
Strains D-value
ATCC 12868 11.43+1.59
ATCC 29004 7.951.10
ATCC 29544 12.13355

The results represent Mean + S.D.

Low temperature cultivation

ANFTF 370 E 13 TollA vl 23 B F30A
AEE AT F Yot i Agshs A= g5t
ol ml A Eo] 1 mLY 10°~10° CFUmLE ZA8 ] F X
7loll =2dl=dl C. sakazakii ATCC 29004 594, C
sakazakii ATCC 12868-= 79 Aol 10° CFU/mLo] =233
o}, A YE C. sakazakii ATCC 295445 5 #59) tha
5 HjQF THE 309 E<F 10° CRUmLY £293H4] 338k
10° CFUMmLe] ®& A& 8ld 5= IAch 13TollA] vk
& do B WA S ol uf, FX|7] F& AHEE]
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i, C sakazalal ATCC 128682 7
steit). 13°CollA] o] RSt &48 12 C/] ?ﬂ A E
1} $-froll infant cerealS 4301 C. sakazakiis 753l ‘_ﬂLJ
A4S B Lin 599 A7 AR 2745 VeI
v A28 9t 12ToAA A AFola e a9
Ay7go] QA AT RustAT). C. sakazakiiZ infant rice
9Jr AtZp F2 BN FAFst] SRS A6 At
7], uljFol] HFste] 747 AR AU E T
o] Aol A=Atk Ktk Atet @719 2
A¥Q] citric acid®} S pH (4.0 ©]3D), Sl Foll] AAitel=
71212 lactic acid® Q13 pHS ZH4 (pH 3.9)= C
sakazakii®] AAS A&l Aoz Holt) C sakazakii’}
12~13Co] A2 A A A, @9 AL Aot 2
pHU f714te] EAeHA] b 7oA w9 A7) 75
g o2 AtEHEh

_4

Freeze-thaw resistance of C. sakazakii
C. sakazakii ATCC 12868, C. sakazakii ATCC 29004-=
5Tl 2477 A AL 4 log CFUmMLY =2 APE S
Bl WA 13T A wigg A 1293 dF S 758
A5 ATHEg. 2). ol& A& Ao R o|Hr} Y 2%
AN Agge] Frtetdvtn Hug Aot FARE 23S
‘/}E}”JE}(IS 21, 22). 13ColA wio =2 dBg dE
FrA g A& A2l 4] vl k= A cold acclimation proteins
1 SHAY Az 5492 S7H717] ¢ B3t
A 2 Eole TY WS WAl AA mA
A ggol FItet Aoz Helth23). sPAW C. sakazakii
ATCC 29544% T2 T F3ols tha] ALd) 2 gA]ﬂ
At Ao uge A LF 4 log CFUmMLS] APE& HS
t}. oj& #7go] ¥E f &3] LAt 24 °1Z}°1 sigma
factor2 <1g+ -7 P Wlo] dojubx] ghot A3d& vt

B c sakazaku ATCC 12868, 29004+
¥ T E’.—‘:r 13 c<>ﬂA1 Hj et 7ol Dol 6648%, 121.77
A2 7H =Yth(Table 2). A& A &%= %ﬁkﬂb}
5TolA 24431 Zi%f\lﬂ Ao HI%H 13Tl A whoFst 7%
Wials oA ¥ 2 AEES UEPIT C sakazakii
ATCC 29544%= 5Co| H-2-at A ] Do 3.142 2 713
A JE e §o1A-Q 2]zt A THp<0.05). °l=
Goldstein 5(24) Willimsky 5(25)°] ] Eo] #]-&cf A
A3t e wl A2l A-8H dE0] W A e
ot Hud Az FARE A3-E YERHT Stress
}REE AHRY, 5T FSAI AL C sakazakii
ATCC 128682 DZro] 3.60%, 13°CollA] Hjket A=
C. sakazakii ATCC 290042] DZko| 121.774 & 7} =4
YERTH
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Fig. 2. Survival curve of C. sakazakii (a) ATCC 12868, (b) ATCC
29004, (¢} ATCC 29544 at freeze-thaw.

@: Control strains, O: Cold adapted strains at 5C, W: Low temperature cultivated
strains at 13°C.

3% 2
2,
e O ro o

Cold-acid resistance of C. sakazakii
tizTte] 739 1047 59t 1~2 log CFU/mLY] AFE S

Table 2. D-value of C. sakazakii strains at freeze-thaw resistance.

(day)
D-value
Strains Control Cold stress m“élﬁz?zﬂ?;ime
ATCC 12868 265:023™ 3.60:026™ 66.48+17.80"
ATCC 29004 270+0.18" 323:023% 121.7739.74%
ATCC 29544 2734027 3.14%0.13® 2.55£025"™

"The results tepresent MeantS.D.

“Means with same letter are not significantly different at p<0.05 level by Dunnett’s
test; A-B: means Dunnetts’s test for different stresses {column), a-b: means Dunnett’s
test for different strains (row).

Bl whi, A= 1047t 5<2F 05 log CFUmLS] APE S
B Ar £2 AEES HAKFg. 3). C sakazakii
ATCC 128689l A= t 379 A g]42] A&E& 2lo]7) 2
log CFUmLE TH& #5594 Hlal] 71 o] vk on
2Tt} 5Cel| 247 84171 Ao = freldows Y&
20| Z7}8l9 tHp<0.05). C. sakazakii ATCC 29004 U] %
b M- Alolel] AEE #po]7} 1 log CFUMLE YERE
om et 5Tl 2¢7F ASAIZ A, 279 13T
Al kgt Aol A A2t f-o] AR Abo] 7} e THp<0.05).

& F #FE0 5T A3A70 ALt 13Tl A wljoFat
A BE APJA maA o] & AS & ¢ ATk

BE oAl T Hlal 5T A-gA1Z1 A} 13T
ol Al wj kgt A 2] Dgke] F7Fet thTable 3). C. sakazakii
ATCC 128687} 29004+ 13°Coll 4] vjekst A <] Dgko] 4145
A17E, 1389341 7F, ATCC 29544 5Co)A] 223t zie] D3k
o] 45.03A1F2 2 A Bl A AR g o] 7 2 A
< B F Atk Campbell 5(27)¢] E. coli O15THIC.E
cold-acid WAFA G- A A3} A A4} A7 7)7k0]
Aol 9Ee ok 2as AR, E coli®] WA
o] T/t AL A WAL 1A} ipose] fe WEQ] Fow
LA A TH28). C sakazakii®] cold-acid WAFA e A& 4
A S| A A Ado] 7 A A gl A-e

Table 3. D-value of C. sakazakii strains at cold-acid (pH 3.5)
resistance.

(hr)
D-value
Strains Control Cold stress Lov;uiteirgg?glmre
ATCC 12868 5320.16™  2587+446"° 4145+3.15*°
ATCC 20004 11912057™ 6561£19.06* 1389344784
ATCC 20544 1329463 45.03+6.04" 24.59+2.06"

The results represent Mean+S.D.

PMeans with same letter are not significantly different at p<0.05 level by Dunnett’s
test; A-B: means Dunnetts’s test for different stresses (columm), a-b: means Dunnett’s
test for different strains (row).
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Fig. 3. Survival curve of C. sakazakii (a) ATCC 12868, (b) ATCC
29004, (c) ATCC 29544 at cold-acid.

@: Control strains, O: Cold adapted strains at ST, W: Low temperature cultivated
strains at 13°C,

o

o fed B S v Aoy Alzdn

DS Bl wsksl-g ), 5Tl 284171
A7 13T weFet 28 pH 359 =EA S w) Do)
thztoll uial A veltom fe]4e] zpelz} Vielstch
(p<0.05). 5Tl A-GAIZ] A2 13ClA wjFat Aol 4
A B2 W) C sakazakii ATCC 290042] Dgko] 7+
7+ 65614171, 138.93A17k0. 2 714 =4 Yeh) g2 =
T Hoh Ao Qg waAgA o] 7bd Wo| Z7)s}

ALt

C. sakazakii®] pHOA #HA A7 L 392 K18l
31(29), E. coli, S. Typhimurium-= 3.9(30), Y. enterocoliticatr=
403Ne e Bkt ¥ g 233 pHE C.
sakazakii®l HA A7 FFR pH 398} B2 pH 352
BE gz AEgo) fdhdhe Ao vehgtt vk
5Tl 2-&akA 13ColA] wikd Azl ol AEo]
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Fig. 4. Survival curve of C. sakazakii (a) ATCC 12868, (b) ATCC
29004, (¢) ATCC 29544 at starvation-freeze thaw.
®: Contro! strains(Cultivated strains at 37°C to 5°C TSB during 48 hr storage), O

Starvated strains at 5°C sterilized 0.1% peptone water during 48 hr, W Starvated
strains at 5C sterilized distilled water during 48h.



Resistance and Survival of Cronobacter sakazakii under Environmental Stress of Low Temperature 617

0]--3 cold-acid WAA TS 315 S W W/ElE TAA
g A7) A A Lo Bgoi} wjoko @ UAol
2oVl At Bl we WS U= Ho Ale
al

Starvation-freeze thaw resistance of C. sakazakii

EE qFoA 129 A% 717E B3 AEgo] ik
AH 0.1% BT WESFE siarvation A A2 2 39S
WialEs BN AEE] =4 JelygtkFig 4). BF
HES (0.1%)Z ©]-&3} starvationdt C. sakazakii ATCC
29004°] D3ke] 6.76€ % ATCC 128682] 4.78%, ATCC
295442 397U BT} =2 3 JER) o] starvation ©
A% el AN A Mol g sk, F9A
Zkol7F 1A tH(p<0.05, Table 4). ©1= Vivrio vulnificus, E.
coliE starvation A 2|3t & el s 4%S slo] W E
DA WA o] SR Atel AR A9 el
W18, 21).

Table 4. D-value of C. sakazakii strains at starvation-freeze thaw
resistance.

(day)
D-value
Siains Contrel Sterilized 0.1%  Sterilized distilled
peptone water water
ATCC 12868 3.51:031" 4.780.18" 323105
ATCC 29004 3.1840.24™ 6.76+0.51 3.15+0.50"
ATCC 29544 3.09+0.16™ 397:1.71°® 3.10+131™

"The results represent MeantS.D.

OMeans with same letter are not significantly different at p<0.05 level by Dunnett’s
test; A-B: means Dunnetts’s test for different stresses (column), a-b: means Dunnett’s
test for different strains (row).

3 E4 starvationd}]S o) walA g o] Z7)3E Ao
N Fo] opulic Al HEj =9} TaE| o e a4 3
a

A2 ES 58 Ahdoly ghgor o] gata] A
ol Z7hd Zom Motk iy dd SRHFoIA
starvationste] W/l s S =2E YL u) 79} 1)
5% DE& VRO Eit SHSE starvationd}$] S W=
Wil B naA o] Zr18A @ Aes u
ERTh oA starvation®] 271 B3 HA9ke] JULE
o] EAI 7ol ThE stress T30 el Aol FakS
el AtsEh

AP EEC] starvationZHF oA Aobdr] ) AlE =7
At I 3T 22 AR el A3}, AE otEe] ok
2 Aah At 22 WEl proteases, lipases, glutamine
synthetase, alkaline phosphatase & 5% E4AE ket
B 08FATH32, 33, 34). C. sakazakiio] starvation $H o] 4]
AES] A WiAYE] WslE Aol 8 Aem

Atz dt}

2 o

C. sakazakii ATCC 12868, 29004, 29544 Z o]-&38}o] A&
A o] HgkE AW R A3 e, Al Al A
ol A starvationg 212} W/alEe] WA el el Lotk
k. C sakazakiis STAA 1087 A3 S of 28
TFENA 1 log CFUmMLS] AF2E R C. sakazakiis
13Tl A Wikt A3}, C. sakazakii ATCC 12868, 29004
Zvzh 744, 54 A 10° CFUmLS YELA 3L C. sakazakii
ATCC 29544 5 Wi 3-5-H 304 <k 10° CFU/mLe]
el 25ha 108 CFUmLE 44 8kith #1233 w8
%o wAA g A, C sakazakii ATCC 12868, 2900491 A1
oo} 5TolA] 297 A7e AL 4 log CFUmLY] Abd
& EHaL 13ColA vlde AL 4 142 FA51
o} A3 Ate]l wAA Y AN C sakazakii ATCC
2054E At thE F ol Al tiZ2To] Hig) 5T
A 297 A7 A, 13Tl A v et AL U =2
AEEE B C sakazakiie: BHE 5T 0.1% HE0]
Al starvationgt A ©| 5C<] TSBH|A &} HitH FH7o|A
starvation$t A KT W3l E 74 Dakol 7 A
Bl C sakazakiie 5°COIA d2] Aol As)E AR
13CANA C. sakazakii®] 73] 7hsstAth o] A5 A=
Ao A AH-gt A Aol Al vl C. sakazakii®] TH
FAANA WA S golied §83 V2 As2
AHEE F gl Aot

#Al2| 2

o] A& 20008 e i m AFEw Ao

ofal = or ol ZA=,
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